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(57)  Anobjectis toreliably prevent a yarn from being
loosely wound on a package, while reducing the possi-
bility that the operation of catching a yarn end portion
takes a long time. When a signal indicating the absence
of the running yarn (Y) is output from a yarn clearer (22)
or from a yarn feeler (19) during formation of the package
(P), a unit controller (33) controls a winding portion (13)
to keep rotating the package (P) for a predetermined con-
tinuous rotation period while increasing the rotation
speed of the package (P).
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Description
Technical Field

[0001] The presentinvention relates to a technique of
winding a running yarn to form a package.

Background Art

[0002] PatentLiterature 1 discloses ayarn winding ap-
paratus, specifically, a winding unit of an automatic wind-
er configured to rewind a yarn pulled out from a yarn
supplying bobbin to form a package. The winding unit
includes a yarn joining device configured to join a yarn
end portion on a winding package side with a yarn end
portion on a yarn supplying bobbin side when the state
of absence of the running yarn is established due to yarn
breakage, yarn cut, or the like. The winding unit includes:
a suction mouth configured to suck and catch the yarn
end portion on the winding package side and to guide
the yarn end portion to the yarn joining device; and a
suction pipe configured to suck and catch the yarn end
portion on the yarn supplying bobbin side and to guide
the yarn end portion to the yarn joining device.

[0003] When the yarn breakage or the like occurs, the
rotation of the package is stopped. At this time, the yarn
end portion on the package side is wound on the package
due to inertial rotation of the package. For this reason,
the package is rotated in the direction opposite to a wind-
ing direction, which is the rotation direction of the package
for winding the yarn, with the suction mouth located close
to the surface of the package. With this, the yarn end
portion is pulled out from the package, to be sucked and
caught by the suction mouth.

[0004] PatentLiterature 1alsorefersto the case where
the yarn breakage or the like occurs while the rotation of
the package is accelerated. Because the rotation speed
of the package is still low during the acceleration of the
package, the yarn is more likely to be loosely wound on
the package to form a slack portion of the yarn if the
package is stopped when the yarn breakage or the like
occurs. If the slack portion is formed, the suction mouth
may unintentionally suck the slack portion, which is an
intermediate portion of the yarn, instead of the end portion
of the yarn. To the above problem, Patent Literature 1
takes the following measures: when the yarn breakage
or the like occurs during the acceleration of the package,
the rotation of the package is stopped once, and after
the suction mouth is brought close to the package, the
package is rotated again in the winding direction for a
predetermined period of time (e.g., within 2 seconds).
With this, the package is rotated in the winding direction
while the slack portion of the yarnis sucked by the suction
mouth. As aresult, the slack portion of the yarnis properly
rewound, and thus, the slack portion is removed.
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Citation List
Patent Literature

[0005] PatentLiterature 1: Japanese Unexamined Pat-
ent Publication No. 2007-302457

Summary of Invention
Technical Problem

[0006] In Patent Literature 1, when the yarn breakage
or the like occurs during the formation of the package,
the rotation of the package is stopped once, and then the
package is rotated in the winding direction to rewind the
yarn. Thereafter, the package is rotated in the opposite
direction to pull out the yarn end portion. Thus, extra time
is needed for the process of stopping the package once
and the process of resuming the rotation in the winding
direction. As a result, the time required for catching the
yarn end portion becomes longer correspondingly.
[0007] In addition, if the suction mouth brought close
to the package successfully sucks and holds the slack
portion of the yarn after the package is stopped once,
the slack portion of the yarn is removed by rotating the
package thereafterin the winding direction. However, the
suction mouth does not always suck the slack portion of
the yarn. Ifthe suction mouth fails to suck the slack portion
of the yarn, the slack portion is not held, and therefore it
is difficult to remove the slack portion of the yarn by ro-
tating the package thereafter in the winding direction.
[0008] An object of the present invention is to reliably
prevent a yarn from being loosely wound on a package,
while reducing the possibility that the operation of catch-
ing a yarn end portion takes a long time.

Solution to Problem and Advantageous Effects of Inven-
tion

[0009] According to a first aspect of the invention, a
yarn winding apparatus includes: a winding portion con-
figured to wind a running yarn to form a package; a yarn
running signal output unit configured to output a signal
related to running of the yarn; and a controller configured
to control the winding portion, wherein: winding of the
package is stopped when output of a signal indicating
presence of the running yarn from the yarn running signal
output unit is stopped during formation of the package,
or when a signal indicating absence of the running yarn
is output from the yarn running signal output unit during
the formation of the package; and when the output of the
signal indicating the presence of the running yarn is
stopped or when the signal indicating the absence of the
running yarn is output, the controller is capable of per-
forming acceleration continuation control of controlling
the winding portion to keep rotating the package for a
predetermined continuous rotation period while increas-
ing the rotation speed of the package, and then stopping
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the winding of the package.

[0010] In this aspect, when the output of the signal in-
dicating the presence of the running yarn from the yarn
running signal output unit is stopped or when the signal
indicating the absence of the running yarn is output from
the yarn running signal output unit, due to an occurrence
of yarn breakage or the like, the package is not stopped
but is kept rotating while the rotation speed of the pack-
age is increased, and then winding of the package is
stopped. Hereinafter, the above-described series of con-
trol processes is referred to as acceleration continuation
control. In this acceleration continuation control, when
the state of the absence of the running yarn is estab-
lished, the rotation of the package is kept, and the rotation
speed of the package is increased. As a result, the yarn
is tightly wound on the package, and this prevents the
yarn from being loosely wound on the package. Further,
because the speed of the rotation is increased without
stopping the rotation of the package, the period of time
required for catching a yarn end portion is shorter than
in the case where the rotation of the package is stopped
once and then resumed.

[0011] Note thatthe state of the absence of the running
yarn in the present invention can be established not only
when yarn breakage occurs, but also when the yarn is
compulsorily cut upon detection of a defect in the yarn,
and when the yarn of a yarn supplying portion to be sup-
plied to the winding portion is exhausted. Hereinafter, the
phenomena and operations which cause the state of the
absence of the running yarn, such as the yarn breakage,
yarn cut, and exhaustion of the yarn in the yarn supplying
portion, are collectively referred to as "yarn breakage or
the like".

[0012] Accordingtothe second aspectoftheinvention,
the yarn winding apparatus of the first aspect is arranged
such that when the output of the signal indicating the
presence of the running yarn from the yarn running signal
output unit is stopped during an acceleration period in
which the rotation speed of the package increases, or
when the signal indicating the absence of the running
yarn is output from the yarn running signal output unit
during the acceleration period, the controller performs
the acceleration continuation control.

[0013] In the acceleration period before the rotation
speed of the package reaches a predetermined speed,
the rotation speed of the package is low, and therefore
it is more likely that the yarn is slack if yarn breakage or
the like occurs during the acceleration period. Thus, in
this aspect, the rotation speed of the package is in-
creased when the state of the absence of the running
yarn is established during the above acceleration period.
This effectively prevents the yarn from being loosely
wound on the package. Meanwhile, after the acceleration
period passes, i.e., after the rotation speed of the pack-
age reaches the predetermined speed, the speed of the
package is notincreased even though the yarn breakage
orthe like occurs. This prevents the operation of catching
the yarn end portion from taking unnecessarily long time.
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[0014] According to the third aspect of the invention,
the yarn winding apparatus of the second aspect is ar-
ranged such that when the output of the signal indicating
the presence of the running yarn from the yarn running
signal output unit is stopped during a low-speed period
in the acceleration period, or when the signal indicating
the absence of the running yarn is output from the yarn
running signal output unit during the low-speed period in
the acceleration period, the controller performs the ac-
celeration continuation control.

[0015] Particularly in the low-speed period in the ac-
celeration period, the rotation speed of the package has
not been sufficiently increased yet, and therefore it is
more likely that the yarn is slack if yarn breakage or the
like occurs during the low-speed period. Thus, in this as-
pect, the rotation speed of the package isincreased when
the state of the absence of the running yarnis established
during the low-speed period, which is the initial stage of
the acceleration and has the highest probability of form-
ing the slack in the yarn. This effectively prevents the
yarn from being loosely wound on the package. Mean-
while, after the low-speed period passes, the speed of
the package is not increased even if the state of the ab-
sence of the running yarn is established. This prevents
the operation of catching the yarn end portion from taking
unnecessarily long time.

[0016] According to the fourth aspect of the invention,
the yarn winding apparatus of the second or third aspect
further includes a tension applying unit configured to ap-
ply tension to the running yarn, and the apparatus is ar-
ranged such that the controller controls the tension ap-
plying unit so that the tension applied to the yarn during
the acceleration period is lower than the tension applied
to the yarn after the acceleration period passes.

[0017] Ifthe yarn breakage orthe like occurs under the
condition that the tension applied to the yarn is high, the
yarn end portion is more likely to leap, and therefore the
yarn is more likely to be loosely wound on the package.
In this aspect, the tension applied to the yarn during the
acceleration period is lower than the tension applied to
the yarn after the acceleration period passes, and this
makes it less likely that the yarn leaps when the yarn
breakage or the like occurs during the acceleration period
in which the rotation speed of the package is low. This
makes it less likely that the yarn is loosely wound on the
package.

[0018] According to the fifth aspect of the invention,
the yarn winding apparatus of any one of the first to fourth
aspects further includes a first setting unit through which
the continuous rotation period in the acceleration contin-
uation control is settable.

[0019] The longer the continuous rotation period dur-
ing which the rotation speed of the package increases
is, the less likely it is that the yarn is slack when the yarn
breakage or the like occurs. However, if the continuous
rotation period exceeds a predetermined length, the time
required for catching the yarn is unnecessarily long. Fur-
ther, the length of the continuous rotation period with
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which the slack of the yarn is prevented differs depending
on the yarn type, winding conditions, and the like. In this
aspect, in accordance with the yarn type, winding condi-
tions, and/or the like, the optimum length of the continu-
ousrotation period is settable through the first setting unit.
[0020] According to the sixth aspect, the yarn winding
apparatus of the fifth aspect is arranged such that the
continuous rotation period is settable through the first
setting unit using at least one of parameters: time, the
rotation speed of the package, and yarn running speed.
[0021] Through the first setting unit, the continuous ro-
tation period is settable using time, the rotation speed of
the package, or the yarn running speed. The proper use
of at least one of these parameters facilitates optimum
setting of the continuous rotation period, in accordance
with the yarn type, winding conditions, and/or the like.
[0022] According to the seventh aspect of the inven-
tion, the yarn winding apparatus of the sixth aspect is
arranged such that the time length of the continuous ro-
tation period is set, through the first setting unit, to be not
less than 0.5 seconds and less than 10 seconds.
[0023] In this aspect, the time length of the continuous
rotation period is not less than 0.5 seconds, and this en-
ables the yarn to be tightly wound on the package during
the continuous rotation period, to prevent the slack of the
yarn. Meanwhile, the time length of the continuous rota-
tion period is less than 10 seconds, and therefore the
period of time required for the operation of catching the
yarn end portion is not unnecessarily long.

[0024] According to the eighth aspect of the invention,
the yarn winding apparatus of to any one offifth to seventh
aspects is arranged such that the continuous rotation pe-
riod is settable, through the first setting unit, in accord-
ance with the winding diameter of the package.

[0025] The larger the diameter of the package is, the
more likely it is that the yarn is loosely wound on the
package. For this reason, it is preferable to increase the
length of the continuous rotation period with the increase
in the diameter. In this aspect, the continuous rotation
period is set to have a proper length, in accordance with
the winding diameter of the package.

[0026] According to the ninth aspect of the invention,
the yarn winding apparatus of the third aspect further
includes a second setting unit through which the low-
speed period is settable.

[0027] Thelongerthe low-speed periodis, the less like-
ly it is that the yarn is slack due to the yarn breakage or
the like. However, if the low-speed period is too long, the
package might be accelerated also in the case where the
yarn cannot be slack under some winding condition or
the like. In this case, the time required for catching the
yarn end portion is unnecessarily long. The threshold of
the rotation speed of the package, below which the ac-
celeration of the package is needed when the yarn break-
age or the like occurs, varies depending on the yarn type,
winding conditions, and the like. In this aspect, in accord-
ance with the yarn type, winding conditions, and/or the
like, the optimum length of the low-speed period is set-
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table through the second setting unit.

[0028] According to the tenth aspect of the invention,
the yarn winding apparatus of the ninth aspect is ar-
ranged such thatthe low-speed periodis settable through
the second setting unit using at least one of parameters:
time, the rotation speed of the package, and yarn running
speed.

[0029] Through the second setting unit, the low-speed
period is settable using time, the rotation speed of the
package, or the yarn running speed. The proper use of
at least one of these parameters facilitates optimum set-
ting of the low-speed period, in accordance with the yarn
type, winding conditions, and/or the like.

[0030] According to the eleventh aspect of the inven-
tion, the yarn winding apparatus of any one of the first to
tenth aspects further includes a first yarn end catcher
configured to suck and catch a yarn end portion on a
winding portion side from the package when the output
of the signal indicating the presence of the running yarn
from the yarn running signal output unit is stopped or
when the signal indicating the absence of the running
yarn is output from the yarn running signal output unit,
and the apparatus is arranged such that the controller
controls the first yarn end catcher to start operation of
catching the yarn end portion during the continuous ro-
tation period in the acceleration continuation control.
[0031] In this aspect, the first yarn end catcher starts
the operation of catching the yarn end portion while the
package is accelerated to wind the yarn in the continuous
rotation period, and this shortens the time required for
catching the yarn end portion. The package may be ac-
celerated while the yarn end portion is held using the
suction force of the first yarn end catcher applied to the
yarn end portion. In this arrangement, the yarn is further
tightly wound on the package.

[0032] According to the twelfth aspect of the invention,
the yarn winding apparatus of any one of the first to tenth
aspects further includes a first yarn end catcher config-
ured to suck and catch a yarn end portion on a winding
portion side from the package when the output of the
signal indicating the presence of the running yarn from
the yarn running signal output unit is stopped or when
the signal indicating the absence of the running yarn is
output from the yarn running signal output unit, and the
apparatus is arranged such that the controller controls
the first yarn end catcher to start operation of catching
the yarn end portion after the continuous rotation period
in the acceleration continuation control elapses.

[0033] In this aspect, the catching operation by the first
yarn end catcher is started after the package is acceler-
ated during the continuous rotation period to tightly wind
the yarn on the package, and therefore no slack portion
of the yarn is caught by the first yarn end catcher.
[0034] According to the thirteenth aspect of the inven-
tion, the yarn winding apparatus includes: a yarn supply-
ing portion configured to supply yarns; a second yarn end
catcher configured to catch a yarn end portion on a yarn
supplying portion side when the output of the signal in-



7 EP 3 127 844 A1 8

dicating the presence of the running yarn from the yarn
running signal output unit is stopped or when the signal
indicating the absence of the running yarn is output from
the yarn running signal output unit; and a yarn joining
portion provided between the yarn supplying portion and
the winding portion, the yarn joining portion being con-
figured to join the yarn end portion on the winding portion
side with the yarn end portion on the yarn supplying por-
tion side, wherein the first yarn end catcher guides the
caught yarn end portion on the winding portion side to
the yarn joining portion, and the second yarn end catcher
guides the caught yarn end portion on the yarn supplying
portion side to the yarn joining portion.

[0035] In the yarn joining portion, after the yarn end
portion on the winding portion side and the yarn end por-
tion on the yarn supplying portion side are joined togeth-
er, unnecessary parts from the joint to the respective
ends are cut off. If the slack portion of the yarn on the
winding portion side is caught by the first yarn end catch-
er, a part of the yarn from the slack portion to the yarn
end portion, which should have been caught, is cut off in
the yarn joining portion. The thus cut part functions as
lint, which may be involved in the package. In this regard,
generation of such lint is prevented in this aspect.
[0036] According to the fourteenth aspect of the inven-
tion, a textile machine includes: a plurality of yarn winding
apparatuses each recited in any one of the fifth to eighth
aspects; and a central controller configured to control the
plurality of yarn winding apparatuses. The first setting
unit, through which the continuous rotation period in the
acceleration continuation control for each of the yarn
winding apparatusesis set, is provided to the central con-
troller.

[0037] In this aspect, it is possible to collectively set
the continuous rotation periods of the plurality of yarn
winding apparatuses through the first setting units pro-
vided to the central controller.

[0038] According to the fifteenth aspect, a method for
forming a package by winding, in a winding portion, a
yarn supplied from a yarn supplying portion includes the
step of, when a state of absence of the yarn running from
the yarn supplying portion to the winding portion is es-
tablished during formation of the package, keeping rota-
tion of the package for a predetermined continuous ro-
tation period while increasing the rotation speed of the
package, and then stopping winding of the package.
[0039] In this aspect, when the state of the absence of
the running yarn from the yarn supplying portion to the
winding portion is established, the package is kept rotat-
ing without stopping the package, while the rotation
speed of the package is increased, and then winding of
the package is stopped. As such, the rotation of the pack-
age is kept while the rotation speed of the package is
increased, and thereby, the yarn is tightly wound onto
the package. This prevents yarn from being loosely
wound onto the package. Further, because the speed is
increased without stopping the rotation of the package,
the operation for catching the yarn end portion does not
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take a long time.

[0040] According to the sixteenth aspect of the inven-
tion, the method of the fifteenth aspect is arranged such
that when the state of the absence of the running yarn
from the yarn supplying portion to the winding portion is
established during an acceleration period in which the
rotation speed of the package increases, the rotation of
the package is kept for the predetermined continuous
rotation period while the rotation speed of the package
is increased.

[0041] Inthis aspect, when the state of the absence of
the running yarn from the yarn supplying portion to the
winding portion is established during the acceleration pe-
riod of the package, the rotation speed of the package is
increased. This effectively prevents the yarn from being
loosely wound on the package.

[0042] According to the seventeenth aspect, the meth-
od of the fifteenth or sixteenth aspect is arranged such
that the continuous rotation period is set using at least
one of parameters: time, the rotation speed of the pack-
age, and yarn running speed.

[0043] In this aspect, the proper use of at least one of
the three parameters (time, the rotation speed of the
package, and yarn running speed) facilitates optimum
setting of the continuous rotation period, in accordance
with the yarn type, winding conditions, and/or the like.

Brief Description of Drawings
[0044]

[FIG. 1] FIG. 1 is a front elevation of an automatic
winder of the present embodiment.

[FIG. 2] FIG. 2 is a front elevation of a winding unit
of the automatic winder.

[FIG. 3] FIG. 3 is a left side view of the winding unit
of the FIG. 2.

[FIG. 4] FIG. 4 is aflowchartillustrating a yarn joining
process.

[FIG. 5] FIG. 5 is an enlarged view of a winding por-
tion at the time of catching an end portion of a yarn
by a suction mouth.

[FIG. 6] FIG. 6 includes graphs each showing the
change in the rotation speed of a package as a func-
tion of time.

[FIG. 7] FIG. 7 is a graph showing the change in the
yarn running speed as a function of time.

[FIG. 8] FIG. 8 includes graphs each showing the
change in the rotation speed of the package as a
function of time, in a modification.

[FIG. 9] FIG. 9 is a graph showing the change in the
rotation speed of the package as a function of time,
in another modification.

[FIG. 10] FIG. 10 is a graph showing the change in
the rotation speed of the package as a function of
time, in still another modification.
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Description of Embodiments

[0045] The following will describe an embodiment of
the present invention. The following embodiment is one
embodiment of the present invention, in which the
present invention is applied to an automatic winder, a
sort of textile machines. FIG. 1 is a front elevation of the
automatic winder of the present embodiment. FIG. 2 is
afront elevation of a winding unit of the automatic winder.
[0046] As shown in FIG. 1, an automatic winder 1 in-
cludes: a large number of winding units 2 (yarn winding
apparatuses) arranged in the left-right direction of FIG.
1; a doffing device 3 provided to be able to travel along
the large number of winding units 2 in an arrangement
direction of the winding units 2; and a base controller 4
configured to perform overall control of the automatic
winder 1. The following description will be given using
the terms for directions defined as follows: the left-right
directionin FIG. 1 (the arrangement direction of the wind-
ing units 2) is defined as a "left-right direction". Further,
out of the directions perpendicular to the sheet of FIG.
1, the direction toward a viewer of FIG. 1 is defined as
"frontward", and the direction away from the viewer of
FIG. 1 is defined as "backward".

[0047] The automatic winder 1 is structured so that:
the base controller 4 gives a command to each winding
unit 2; and in each winding unit 2, a yarn Y unwound from
a yarn supplying bobbin 8 is wound on a take up tube 17
to form a package P. When a full package P is formed in
one of the winding units 2, the doffing device 3 is moved
to a position above the winding unit 2 having the full pack-
age P, to replace the full package P with an empty take
up tube 17. The base controller 4 (central controller) is
configured to control the operation of each winding unit
2, and to perform other operations such as monitoring of
the operation state, and setting and storing of operational
parameters. As shown in FIG. 1, the base controller 4 is
provided with an operation setting unit 5 and a display 6.
Through the operation setting unit 5, various settings re-
lated to the winding units 2 and the doffing device 3 are
feasible.

[0048] Now, the detailed structure of each winding unit
2 will be described. The winding unit 2 shown in FIG. 2
is configured to wind, on the take up tube 17, the yarn Y
unwound from the yarn supplying bobbin 8, while travers-
ing the yarn Y, to form the package P of a predetermined
shape. FIG. 3 is a left side view of the winding unit 2
shown in FIG. 2.

[0049] Asshownin FIG. 2, the winding unit 2 includes:
a yarn supplying portion 11 which supports the yarn Y
on the yarn supplying bobbin 8 so as to be unwindable;
ayarn processor 12 configured to carry out various proc-
esses on the yarn Y supplied from the yarn supplying
portion 11; and a winding portion 13 configured to wind
the yarn Y processed in the yarn processor 12 on the
take up tube 17, to form the package P. The yarn sup-
plying portion 11, the yarn processor 12, and the winding
portion 13 are arranged in this order from bottom to top.
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The winding unit 2 includes a unit controller 33 commu-
nicably connected to the base controller 4 of the auto-
matic winder 1.

[0050] The yarn supplying portion 11 includes: a bob-
bin holder 15 which holds the yarn supplying bobbin 8;
and an unwinding assist unit 16 which assists unwinding
of the yarn Y from the yarn supplying bobbin 8. The un-
winding assist unit 16 includes: a cylinder body 29 with
which the yarn supplying bobbin 8 is covered from above;
and a cylinder body drive motor 25 for moving the cylinder
body 29 upward and downward. The cylinder body 29 is
lowered by the cylinder body drive motor 25 as the un-
winding of the yarn Y proceeds, and thereby, the unwind-
ing assist unit 16 restrains the balloon of the unwound
yarn Y, to stabilize unwinding tension.

[0051] AsshowninFIG.2and FIG. 3, the winding por-
tion 13 includes: a cradle 14 which holds the take up tube
17 so as to be rotatable; a traversing drum 18; and a
drum drive motor 28 configured to rotate the traversing
drum 18. On the periphery of the traversing drum 18, a
spiral traversing groove 18a is formed. With this travers-
ing groove 18a, the yarn Y is traversed. The traversing
drum 18 rotates in contact with the package P formed on
the take up tube 17 while traversing the yarn Y held in
the spiral traversing groove 18a. By the thus created con-
tact friction with the traversing drum 18, the package P
is rotated in the winding direction, with the result that the
yarn Y unwound from the yarn supplying bobbin 8 is
wound on the take up tube 17. The winding portion 13
further includes: a drum rotation sensor 34 configured to
detect the rotation speed of the traversing drum 18; and
a package rotation sensor 35 configured to detect the
rotation speed of the package P.

[0052] The yarn processor 12 provided between the
yarn supplying portion 11 and the winding portion 13 in-
cludes: a yarn feeler 19; a tension applying device 20; a
yarn joining device 21; and a yarn clearer 22.

[0053] The yarn feeler 19 is provided between the un-
winding assist unit 16 and the tension applying device
20, and is configured to detect the presence or absence
of the running yarn Y.

[0054] The tension applying device 20 is configured to
apply predetermined tension to the running yarn Y. In
FIG. 2, the device of a so-called gate type is illustrated,
by way of example. Fixed gate members 20a and mov-
able gate members 20b are alternately arranged in an
up-down direction. By adjusting the horizontal positions
of the movable gate members 20b, tension is applied to
the yarn Y running through the fixed gate members 20a
and the movable gate members 20b.

[0055] The yarn joining device 21 (yarn joining portion)
is configured to join a lower yarn Y1 on a yarn supplying
bobbin 8 side with an upper yarn Y2 on a package P side
in the state of the absence of the yarn Y running between
the yarn supplying portion 11 and the winding portion 13.
This state is established, for example, when the yarn Y
is cut by a cutter 22a after the yarn clearer 22 detects a
yarn defect (which will be described later), when yarn
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breakage occurs during winding of the package P, and
when the yarn supplying bobbin 8 is replaced with a new
one.

[0056] Below the yarn joining device 21, there is pro-
vided a lower yarn catch guide member 23 configured to
catch the lower yarn Y1 on the yarn supplying bobbin 8
side and to guide the lower yarn Y1 to the yarn joining
device 21. Above the yarn joining device 21, there is pro-
vided an upper yarn catch guide member 24 configured
to catch the upper yarn Y2 on the package P side and to
guide the upper yarn Y2 to the yarn joining device 21.
The lower yarn catch guide member 23 is rotatable about
an axis 23a, and is configured to rotate upward and down-
ward when driven by a motor 26. The upper yarn catch
guide member 24 is also rotatable about an axis 24a,
and is configured to rotate upward and downward when
driven by a motor 27. Further, as shown in FIG. 3, the
lower yarn catch guide member 23 and the upper yarn
catch guide member 24 are connected to a sucking power
source 50.

[0057] The lower yarn catch guide member 23 has, at
its leading end portion, a sucker 30 configured to suck
an end portion of the lower yarn Y1 to catch the end
portion. While the end portion of the lower yarn Y1 is
caught by the sucker 30, the lower yarn catch guide mem-
ber 23 is driven by the motor 26 to rotate upward, thereby
to guide the lower yarn Y1 to the yarn joining device 21.
The lower yarn catch guide member 23 and the motor
26 which rotates the lower yarn catch guide member 23
correspond to a "second yarn end catcher" in the present
invention.

[0058] The upper yarn catch guide member 24 has, at
its leading end portion, a suction mouth 31 configured to
suck an end portion of the upper yarn Y2 to catch the
end portion. The upper yarn catch guide member 24 at
the position illustrated with solid lines in FIG. 3 is first
driven by the motor 27 to rotate upward to a yarn end
catch position illustrated with two-dot chain lines in FIG.
3. With this, the suction mouth 31 is positioned near a
contact point between the package P and the traversing
drum 18, and the suction mouth 31 sucks the end portion
of the upper yarn Y2 attached to the surface of the pack-
age P, to catch the end portion. After catching the end
portion, the upper yarn catch guide member 24 is driven
by the motor 27 to rotate downward, thereby to guide the
thus caught upper yarn Y2 to the yarn joining device 21.
The upper yarn catch guide member 24 and the motor
27 which rotates the upper yarn catch guide member 24
correspond to a "first yarn end catcher" in the present
invention.

[0059] The yarn joining device 21 is configured to join
the end portion of the lower yarn Y1 guided by the lower
yarn catch guide member 23 with the end portion of the
upper yarn Y2 guided by the upper yarn catch guide
member 24, into the single yarn Y. As the yarn joining
device 21, an air splicer may be used, which is configured
to untwist the end portions of the two yarns and then to
intertwine the end portions together, with the use of tur-
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bulent air flow. Unnecessary parts formed as a result of
joining the end portions of the two yarns, i.e., the parts
of the yarns from the joint to the respective leading ends,
are cut off by an unillustrated cutter incorporated in the
yarn joining device 21.

[0060] The yarn clearer 22 constantly acquires infor-
mation on the thickness of the running yarn Y. Based on
the information on the yarn thickness, the yarn clearer
22 regards, as a yarn defect, an abnormal part of the
yarnY which has a thickness larger than a predetermined
threshold. Thus, the yarn defect is detected. Further, the
yarn clearer 22 is provided with the cutter 22a. When the
yarn clearer 22 detects a yarn defect, the cutter 22a im-
mediately cuts the yarn Y.

[0061] Note that, after the yarn clearer 22 detects a
yarn defect and then the yarn Y is cut by the cutter 22a
in this way, the upper yarn Y2 still has the yarn defect.
For this reason, the yarn joining device 21 joins the lower
yarn Y1 and the upper yarn Y2 together after removing
the yarn defect from the upper yarn Y2, which has been
guided by the upper yarn catch guide member 24, using
an unillustrated cutter incorporated in the yarn joining
device 21.

[0062] The unit controller 33 (controller) shown in FIG.
2 is configured to control the operation of each part of
the winding unit 2 such as the winding portion 13 and the
yarn joining device 21 as described above, so as to form
the package P on the take up tube 17. The unit controller
33 is structured by: a central processing unit (CPU); a
read-only memory (ROM) in which a program executed
by the CPU and data used for the program are stored; a
random access memory (RAM) for temporally storing da-
ta at the time of execution of the program; and an in-
put/output interface through which data is input from/out-
put to the outside.

[0063] The unit controller 33 is electrically connected
to the drive units in the winding unit 2, such as the cylinder
body drive motor 25, the motor 26 for driving the lower
yarn catch guide member 23, the motor 27 for driving the
upper yarn catch guide member 24, and the drum drive
motor 28. The unit controller 33 is further electrically con-
nected to the yarn feeler 19, the tension applying device
20, the yarn joining device 21, the yarn clearer 22, the
drum rotation sensor 34, the package rotation sensor 35,
and the like. The unit controller 33 controls each part of
the winding unit 2 based on information on winding con-
ditions and the like transmitted from the base controller
4, which controls the overall operation of the automatic
winder 1, so that the winding unit 2 performs operation
of forming the package P.

[0064] Now, a description is given for the joining proc-
ess of the lower yarn Y1 with the upper yarn Y2 by the
yarn joining device 21. FIG. 4 is a flowchart illustrating
the yarn joining process. Note thatSi(i=1, 2, 3...) in FIG.
4 refers to the step number. FIG. 5 is an enlarged view
of the winding portion at the time of catching the yarn end
portion by the suction mouth 31. When the supply of the
yarn'Y from the yarn supplying portion 11 is stopped and
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the absence of the yarn Y running between the yarn sup-
plying portion 11 and the winding portion 13 is detected,
the unit controller 33 controls the yarn joining device 21
and the like to execute the yarn joining process shown
in FIG. 4.

(1) Detection of the absence of the running yarn

[0065] The absence of the running yarn Y is detected
in the following manner. First, when a yarn defect is de-
tected by the yarn clearer 22, the yarn Y is cut by the
cutter 22a provided in the yarn clearer 22. Based on a
yarn defect detection signal transmitted from the yarn
clearer 22, the unit controller 33 determines that the state
of the absence of the running yarn Y has been estab-
lished. Alternatively, the unit controller 33 may determine
that the state of the absence of the running yarn Y has
been established based on a signal from the yarn feeler
19, because the yarn feeler 19 no longer detects the yarn
Y after the yarn Y is cut by the cutter 22a.

[0066] The state of the absence of the running yarn Y
is also established when yarn breakage occurs between
the yarn supplying portion 11 and the winding portion 13,
or when the yarn supplying bobbin 8 is replaced with a
new one in the yarn supplying portion 11. When the state
of the absence of the running yarn Y is detected by the
yarn clearer 22, the yarn clearer 22 transmits, to the unit
controller 33, a signal indicating the absence of the run-
ning yarn. Alternatively, output of a signal indicating the
presence of the running yarn is stopped, i.e., the signal
which has been output from the yarn clearer 22 is no
longer output. That is, in the present embodiment, the
yarn clearer 22 corresponds to a yarn running signal out-
put unit configured to output a signal related to running
of the yarn Y. Instead of the yarn clearer 22, the yarn
feeler 19 may detect the yarn breakage. For the sake of
convenience, hereinafter, the phenomena and opera-
tions which cause the state of the absence of the running
yarn, such as the yarn breakage, yarn cut, and replace-
ment of the yarn supplying bobbin 8, are collectively re-
ferred to as "yarn breakage or the like".

(2) Prevention of yarn slack after yarn breakage

[0067] If the rotation of the package P is suddenly
stopped immediately after the occurrence of yarn break-
age or the like, a slack portion Yb may be formed, as
indicated with a two-dot chain line in FIG. 5. The slack
portion Yb is a portion of the upper yarn Y2 loosely wound
on the package P. Particularly, when the yarn breakage
or the like occurs under the condition that the rotation
speed of the package P is low, it is more likely that the
yarn Y is loosely wound around the package P, to form
the slack portion Yb. The above condition is created, for
example, when the yarn breakage or the like occurs im-
mediately after winding of the package P is resumed sub-
sequently to yarn joining by the yarn joining device 21.

[0068] If,instead of the yarn end portion Ya of the upper
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yarn Y2, the intermediate slack portion Yb is unintention-
ally sucked and caught by the suction mouth in this state,
two yarn parts forming the slack portion Yb are guided
to the yarn joining device 21 (this is referred to as "double
pullout"). In this case, the slack portion Yb of the upper
yarn Y2 and the yarn end portion of the lower yarn Y1
are joined together by the yarn joining device 21, resulting
in a yarn joining anomaly. Meanwhile, after the upper
yarn Y2 and the lower yarn Y1 are joined together, the
unnecessary parts from the joint to the respective ends
are cut off by the unillustrated cutter in the yarn joining
device 21. If the slack portion Yb of the upper yarn Y2 is
caught by the suction mouth 31 and the slack portion Yb
is joined with the lower yarn Y1, a part of the upper yarn
Y2 from the slack portion Yb to the yarn end portion Ya,
which should have been caught, is cut off by the cutter
in the yarn joining device 21. The thus cut part functions
as lint, which may be involved in the package P.

[0069] In view of the above, in the present embodi-
ment, when the yarn breakage or the like occurs soon
after the start of the winding of the yarn Y under the con-
dition that the rotation speed of the package P is low, the
rotation of the package P is kept while the rotation speed
of the package P is increased in order to tightly wind the
upper yarn Y2 onto the package P.

[0070] FIG. 6 includes graphs each showing the
change in the rotation speed of the package P as a func-
tion of time. FIG. 6(a) shows the change in the rotation
speed of the package P in a normal winding process. As
shown in FIG. 6(a), at the start of the winding of the yarn
Y, the unit controller 33 controls the drum drive motor 28
of the winding portion 13 to start the rotation of the tra-
versing drum 18, thereby starting the rotation of the pack-
age P. The rotation speed of the package P increases at
apredetermined acceleration rate during an acceleration
period TA which is the period before the rotation speed
reaches a predetermined speed VA. After the accelera-
tion period TA elapses, i.e., when the rotation speed of
the package P reaches the speed VA, the unit controller
33 controls the drum drive motor 28 so as to rotate the
traversing drum 18 at a constant speed. As a result, the
package P rotates at a substantially constant speed (VA).
[0071] Strictly speaking, while the traversing drum 18
rotates at a constant speed, constant is the peripheral
speed of the package P. The winding diameter of the
package P increases as the winding of the yarn Y pro-
ceeds. Because of this, in actual, the rotation speed of
the package P is not constant from the start to the end
of the winding of the package P, but the rotation speed
of the package P gradually decreases with the increase
in the winding diameter. However, FIG. 6(a) shows noth-
ing more than a part of the whole process of forming the
package P, and therefore the rotation speed of the pack-
age P is regarded as the constant speed VA.

[0072] FIG. 6(b) to FIG. 6(d) each shows the change
in the rotation speed of the package P for the case where
the yarn breakage or the like occurs. The filled circle Pc
on each of the graphs of FIG. 6(b) to FIG. 6(d) represents
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the timing at which the yarn breakage or the like occurs.
[0073] FIG. 6(b) shows the change in the rotation
speed of the package P for the case where the yarn
breakage or the like occurs during the normal winding
period. As shown in FIG. 6(b), when the yarn breakage
orthe like occurs at a timing T1 during the normalwinding
period in which the package P rotates at the speed VA,
the upper yarn Y2 wound on the package P is less likely
to be slack even if the rotation of the package P is stopped
immediately, because the rotation speed of the package
P is sufficiently high. For this reason, in the yarn joining
process shown in FIG. 4, when the yarn breakage or the
like occurs after the acceleration of the package P is com-
pleted (S 1: No), the unit controller 33 controls the drum
drive motor 28 to stop the rotation of the package P (S4).
[0074] FIG. 6(c) shows the change in the rotation
speed of the package P for the case where the yarn
breakage or the like occurs during a high-speed period
in the acceleration period. As shown in FIG. 6(c), the yarn
breakage or the like occurs during the acceleration period
in which the rotation speed of the package P is increasing,
but it occurs at a timing T2 within the high-speed period
which is the period after the rotation speed exceeds an
intermediate speed VB. In this case, the upper yarn Y2
wound on the package P is less likely to be slack even
if the rotation of the package P is stopped immediately.
For this reason, in the yarn joining process shown in FIG.
4, when the yarn breakage or the like occurs during the
acceleration period of the package P, and the yarn break-
age or the like occurs during the high-speed period in the
acceleration period (S2: No), the unit controller 33 con-
trols the drum drive motor 28 to stop the rotation of the
package P (S4).

[0075] FIG. 6(d) shows the change in the rotation
speed of the package P for the case where the yarn
breakage or the like occurs during a low-speed period in
the acceleration period. Suppose, as shown in FIG. 6(d),
the yarn breakage or the like occurs during the acceler-
ation period in which the rotation speed of the package
P is increasing, and it occurs at a timing T3 during the
low-speed period in the acceleration period. The low-
speed period is the period before the rotation speed
reaches the intermediate speed VB. Because the yarn
breakage or the like occurs before the rotation speed of
the package P has sulfficiently increased, itis more likely
that the upper yarn Y2 is loosely wound on the package
P toform the slack portion Yb if the rotation of the package
P is immediately stopped at this timing.

[0076] For this reason, in the yarn joining process
shown in FIG. 4, when the yarn breakage or the like oc-
curs during the acceleration period of the package P and
when it occurs during the low-speed period in the accel-
eration period (S1: Yes, and S2: Yes), the unit controller
33 performs the following acceleration continuation con-
trol. First, the unit controller 33 controls the drum drive
motor 28 to keep the rotation (forward rotation) of the
package P in the winding direction (forward rotation) for
a predetermined continuous rotation period (period Tain
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FIG. 6(d)), without stopping the package P, while increas-
ing the rotation speed of the package P in the winding
direction (S3). Then, the winding of the package P is
stopped (S4). In FIG. 6(d), the acceleration rate of the
rotation of the package P (inclination of the line in FIG.
6(d)) in the continuous rotation period is identical with
the acceleration rate of the package P in the period before
the detection of the yarn breakage or the like. After the
continuous rotation period passes, the unit controller 33
stops the rotation of the package P (S4).

[0077] As such, the package P is kept rotating with
acceleration during the predetermined continuous rota-
tion period immediately after the detection of the yarn
breakage or the like. This prevents the upper yarn Y2
from being loosely wound onto the package P because
the upper yarn Y2 is tightly wound onto the package P.
[0078] The low-speed period and the high-speed pe-
riod in the acceleration period are settable by an operator
through the operation setting unit 5 (corresponding to a
second setting unit of the present invention) provided to
the base controller (see FIG. 1). Thelonger the low-speed
period is, the less likely it is that the upper yarn Y2 is
slack due to the yarn breakage or the like. However, if
the low-speed period is too long, the package P might
be accelerated also in the case where the upper yarn Y2
cannot be slacked under some winding condition or the
like. In this case, the time required for catching the yarn
end portion Ya is unnecessarily long. The threshold of
the rotation speed of the package P, below which the
accelerated rotation of the package P is needed when
the yarn breakage or the like occurs, varies depending
on the yarn type, winding conditions, and the like. Thus,
in the present embodiment, the optimum lengths of the
low-speed period and the high-speed period in the ac-
celeration period are settable by the operator through the
operation setting unit 5, in accordance with the yarn type,
winding conditions, and/or the like.

[0079] Through the operation setting unit 5, the above
periods are settable using at least one of the following
parameters: time, the winding speed of the package P,
and the yarn running speed.

[0080] When using time for the setting, a timing TB in
FIG. 6 is set. In this case, the period from the start of the
rotation of the package P to the timing TB in the accel-
eration period is the low-speed period, and the period
from the timing TB to the timing TA in the acceleration
period is the high-speed period. The unit controller 33
incorporates therein a timer to measure the time having
elapsed from the start of the rotation of the package P.
Thus, on the basis of the time measured by the timer,
the unit controller 33 is able to determine the state of the
package P at the time of occurrence of the yarn breakage
or the like.

[0081] When using the winding speed of the package
P for the setting, the winding speed VB of the package
P in FIG. 6 is set. In this case, the period before the
rotation speed of the package P reaches VB in the ac-
celeration period is the low-speed period, and the period
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after the rotation speed of the package P reaches VB
and before the rotation speed reaches VA in the accel-
eration period is the high-speed period. The actual rota-
tion speed of the package P is detected by the package
rotation sensor 35. Thus, on the basis of a signal from
the package rotation sensor 35, the unit controller 33 is
able to determine the state of the package P at the time
of occurrence of the yarn breakage or the like.

[0082] Because the yarn running speed changes with
the change in the rotation speed of the package P, the
low-speed period and the high-speed period of the pack-
age P are settable using the yarn running speed. FIG. 7
is a graph showing the change in the yarn running speed
as a function of time. When using the yarn running speed,
ayarn running speed VB’ in FIG. 7 corresponding to the
intermediate speed VB of the package P in FIG. 6 is set.
Since the yarn running speed is equal to the peripheral
speed of the package P, the yarn running speed is ob-
tainable from the rotation speed of the traversing drum
18 detected by the drum rotation sensor 34. Thus, on the
basis of a detection signal from the drum rotation sensor
34, the unit controller 33 is able to determine the state of
the package P atthe time of occurrence of the yarn break-
age or the like.

[0083] The low-speed period and the high-speed pe-
riod in the acceleration period may be settable through
the operation setting unit 5 using two or more of the three
parameters: time, the winding speed of the package P,
and the yarn running speed. For example, through the
operation setting unit 5, both the parameters of time (TA,
TB) and the speed (VA, VB) in FIG. 6 may be set.
[0084] In additionto the above, the continuous rotation
period, which is the period during which the accelerated
rotation in the forward direction is kept after the yarn
breakage or the like occurs, is also settable by the oper-
ator, as well as the low-speed period and the high-speed
period in the acceleration period. The continuous rotation
period is settable through the operation setting unit 5 (cor-
responding to a first setting unit in the present invention)
provided to the base controller 4 (see FIG. 1), in accord-
ance with the yarn type, winding conditions, and/or the
like. Similarly to the acceleration period, the continuous
rotation period is also settable using at least one of the
parameters: time, the winding speed of the package P,
and the yarn running speed.

[0085] When using time for the setting, the period Ta
in FIG. 6(d) is set. In this case, after the yarn breakage
orthelike is detected, the unit controller 33 keeps rotating
the package P for the period Ta while accelerating the
package P at the acceleration rate which is the same as
that before the detection of the yarn breakage or the like.
When using the winding speed of the package P for the
setting, a speed VC in FIG. 6(d) is set. In this case, the
unit controller 33 keeps rotating the package P until the
speed reaches the speed VC while accelerating the pack-
age P at the acceleration rate which is the same as that
before the detection of the yarn breakage or the like.
When using the yarn running speed for the setting, a
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speed VC’in FIG. 7 is set. In this case, the unit controller
33 keeps rotating the package P until the yarn running
speed reaches the speed VC’ while accelerating the
package P to increase the yarn running speed at the ac-
celeration rate which is the same as that before the de-
tection of the yarn breakage or the like.

[0086] Inthe case wherethe continuous rotation period
is set using the winding speed of the package P or the
yarn running speed, the target speed at which the con-
tinuous rotation period ends may be set by incrementing
the speed at the time when the yarn breakage or the like
occurs by a predetermined rate. For example, if the in-
crement rate of the speed is set to 10%, the accelerated
rotation in the forward direction is kept until the speed
reaches the value obtained by incrementing the speed
at the time of detection of the yarn breakage or the like
by 10%.

[0087] Similarly to the setting for the above-described
low-speed period and the high-speed period, the contin-
uous rotation period may be settable through the opera-
tion setting unit 5 using two or more of the three param-
eters: time, the winding speed of the package P, and the
yarn running speed. For example, both the period Ta and
the speed VC in FIG. 6 may be settable through the op-
eration setting unit 5.

[0088] The longerthe continuous rotation period s, the
less likely it is that the slack of the yarn is caused when
the yarn breakage or the like occurs. It is preferable that
the time length of the continuous rotation period is not
less than 0.5 seconds, for example. However, if the con-
tinuous rotation period is long more than necessary, de-
lay is caused in the following processes. This unneces-
sarily prolongs the period of time required for the suction
mouth 31 to catch the yarn end portion Ya, and eventu-
ally, prolongs the period of time required for the overall
yarn joining operation. In view of the above, it is prefer-
able that the time length of the continuous rotation period
is less than 10 seconds. Further, the length of the con-
tinuous rotation period with which the slack of the upper
yarn Y2 is prevented differs depending on the yarn type,
winding conditions, and the like. Thus, the operator sets
the optimum length of the continuous rotation period us-
ing at least one of the above three parameters, through
the operation setting unit 5, in accordance with the yarn
type, winding conditions, and/or the like.

[0089] The larger the diameter of the package P is, the
more likely it is that the upper yarn Y2 is loosely wound
on the package P. For this reason, it is preferable that
the length of the continuous rotation period is increased
with the increase in the diameter. Therefore, the contin-
uous rotation period is settable through the operation set-
ting unit 5, in accordance with the winding diameter of
the package P. For example, the operator sets, through
the operation setting unit 5, a plurality of lengths of the
continuous rotation period respectively corresponding to
a plurality of winding diameters of the package P. Mean-
while, in the present embodiment, the unit controller 33
is capable of obtaining the winding diameter of the pack-
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age P. For example, by counting the total number of ro-
tations of the traversing drum 28 from the start of the
winding of the package P using the drum rotation sensor
34, itis possible to estimate the amount of the yarn wound
on the package P, i.e., the winding diameter of the pack-
age P. Upon occurrence of the yarn breakage or the like,
the unit controller 33 selects the length of the continuous
rotation period corresponding to the winding diameter of
the package P at this timing.

(3) Operation of catching yarn end portion

[0090] The sucker 30 provided at the leading end por-
tion of the lower yarn catch guide member 23 in FIG. 2
is on standby at a lower position (the position below the
tension applying device 20, as shown in FIG. 2) during
the winding of the package P. Therefore, when the yarn
breakage or the like occurs, the lower yarn Y1 is imme-
diately caught by the sucker 30 of the lower yarn catch
guide member 23.

[0091] Meanwhile, the unit controller 33 controls the
upper yarn catch guide member 24 to start the operation
of catching the yarn end portion Ya of the upper yarn Y2
(S5). That is, the unit controller 33 controls the motor 27
to rotate the upper yarn catch guide member 24 upward.
Then, as shown in FIG. 3, the suction mouth 31 at the
leading end portion of the upper yarn catch guide member
24 is brought close to the surface of the package P.
[0092] Further, the unit controller 33 controls the drum
drive motor 28 to rotate the package P in an unwinding
direction which is opposite to the winding direction (re-
verse rotation), to pull out the yarn end portion Ya wound
on the package P (S6). The thus pulled out yarn end
portion Ya is sucked and caught by the suction mouth
31. If the rotation speed of the package P at the time of
occurrence of the yarn breakage or the like is low, the
accelerated rotation of S3 is performed, and with this,
the yarn is tightly wound on the package P to prevent the
formation of the slack portion Yb. For this reason, no
slack portion Yb is caught by the suction mouth 31.
[0093] In FIG. 4, after the package P is rotated in the
forward direction with acceleration for the predetermined
continuous rotation period in S3, i.e., after the continuous
rotation period ends, the unit controller 33 starts the
catching operation by the suction mouth 31 (the rotation
of the upper yarn catch guide member 24). In this ar-
rangement, the catching operation by the suction mouth
31 is started after the package P is accelerated for the
continuous rotation period to tightly wind the upper yarn
Y2 on the package P, and therefore no slack portion Yb
of the upper yarn Y2 is caught by the suction mouth 31.
[0094] Alternatively, the unit controller 33 may start the
catching operation by the suction mouth 31 during the
continuous rotation period in S3. In this arrangement, the
period of time required for catching the yarn end portion
Ya is shortened. The package P may be rotated in the
forward direction while the yarn end portion Ya is held
using the suction force of the suction mouth 31 applied
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to the yarn end portion Ya. In this arrangement, the upper
yarn Y2 is further tightly wound on the package P.
[0095] The unit controller 33 controls the motor 27 to
rotate the upper yarn catch guide member 24 downward,
thereby to guide the yarn end portion of the upper yarn
Y2 caught by the suction mouth 31 to the yarn joining
device 21. Then, the unit controller 33 controls the motor
26 to rotate the lower yarn catch guide member 23 up-
ward, thereby to guide the yarn end portion of the lower
yarn Y1 caught by the sucker 30 to the yarn joining device
21.

(4) Yarn joining operation

[0096] Finally, the unit controller 33 controls the yarn
joining device 21 to join the yarn end portion of the lower
yarn Y1 guided by the lower yarn catch guide member
23 with the yarn end portion of the upper yarn Y2 guided
by the upper yarn catch guide member 24 (S7).

[0097] As described above, in the present embodi-
ment, when the yarn breakage or the like occurs to es-
tablish the state of the absence of the running yarn Y,
the package P is kept rotating without being stopped
while the rotation speed of the package P is increased.
Thus, when the state of the absence of the running yarn
Y is established, the rotation of the package P is kept,
and the rotation speed of the package P is increased.
With this, the upper yarn Y2 after the yarn breakage or
the like is tightly wound on the package P, to prevent the
upper yarn Y2 from being loosely wound on the package
P. Further, because the speed of the rotation of the pack-
age P is increased without stopping the rotation of the
package P, the operation of catching the yarn end portion
Ya of the upper yarn Y2 does not take long time, and
eventually, the overall yarn joining operation does not
take long time.

[0098] If the slack portion Yb is caught and this double
pullout yarn is joined with the lower yarn, lintis generated
as aresult of cutting of the unnecessary parts of the yarns
in the yarn joining device 21. The lint may be involved in
the package P. In this regard, the generation of such lint
is prevented in the present embodiment.

[0099] The lower the rotation speed of the package P
is, the more likely it is that the upper yarn Y2 is loosely
wound on the package P when the yarn breakage or the
like occurs. In the present embodiment, when the yarn
breakage or the like occurs during the acceleration period
of the package P, and particularly, only during the low-
speed period in the acceleration period, the acceleration
rotation of the package P is performed. This effectively
prevents the upper yarn Y2 from being loosely wound on
the package P. Meanwhile, when the rotation speed of
the package P is higher than a predetermined speed, the
package P is not accelerated even if the yarn breakage
or the like occurs. This prevents the operation of catching
the yarn end portion Ya from taking unnecessarily long
time.

[0100] Thelow-speed periodinthe acceleration period
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based on whichiitis determined whether the acceleration
rotation of the package P is performed, and the continu-
ous rotation period for which the acceleration rotation of
the package P is performed are settable through the op-
eration setting unit 5. This enables the low-speed period
and the continuous rotation period to be set optimally in
accordance with the yarn type, winding conditions, and/or
the like. Further, the above periods are settable using
time, the rotation speed of the package P, or the yarn
running speed. The proper use of at least one of these
parameters facilitates the optimum setting of these peri-
ods in accordance with the yarn type, winding conditions
and/or the like. Furthermore, the operation setting unit 5
is provided to the base controller 4 of the automatic wind-
er 1. This enables the operator to collectively set the
above periods for the plurality of the winding units 2
through the operation setting unit 5.

[0101] Now, various modifications of the present em-
bodiment will be described. It should be noted that the
components having the same structures as those in the
above-described embodiment are given the same refer-
ence numerals, and the description thereof will be given
as needed.

1] In the above-described embodiment, as shown in
FIG. 6 andFIG. 7, the acceleration rate of the rotation
of the package P (or the acceleration rate of the run-
ning speed of the yarn) during the acceleration rota-
tion of the package P which is performed after the
detection of the yarn breakage or the like is set to be
identical with the acceleration rate before the detec-
tion of the yarn breakage or the like. However, the
acceleration before the detection of the yarn break-
age or the like does not have to be identical with the
acceleration rate after the detection.

For example, as shown in FIG. 8(a), the acceleration
rate may be set so that the acceleration rate of the
forward rotation of the package P after the detection
of the yarn breakage or the like is higher than that
before the detection of the yarn breakage or the like.
To the contrary, as shown in FIG. 8(b), the acceler-
ation rate may be set so that the acceleration rate of
the forward rotation of the package P after the de-
tection of the yarn breakage or the like is lower than
that before the detection of the yarn breakage or the
like.

2] In the above-described embodiment, the acceler-
ation rotation of the package P in the forward direc-
tion is performed only when the yarn breakage or
the like occursin the acceleration period, specifically,
during the low-speed period in the acceleration pe-
riod. However, as shown in FIG. 9, the acceleration
rotation of the package P may be performed not only
when the yarn breakage or the like occurs during the
low-speed period, but also when the yarn breakage
or the like occurs during the high-speed period in the
acceleration period. The modification shown in FIG.
9 is the same as the above-described embodiment
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in that the acceleration rotation of the package P is
not performed when the yarn breakage or the like
occurs in the normal winding period, i.e., the period
after the rotation speed of the package P reaches
the predetermined speed VA.

During the acceleration period of the package P, the
rotation speed of the package P is lower than that in
the normal winding period, and therefore the upper
yarn Y2 is more likely to be slack if the yarn breakage
or the like occurs. Thus, the rotation speed of the
package P is increased when the yarn breakage or
the like occurs during the acceleration period in
which the slack portion Yb is more likely to be formed
in the upper yarn Y2, and thereby to effectively pre-
vent the upper yarn Y2 from being loosely wound on
the package P.

3] If the yarn breakage or the like occurs under the
condition that the tension of the yarn Y to be wound
on the package P is high, the yarn end portion Ya is
more likely to leap, and therefore the upper yarn Y2
is more likely to be loosely wound on the package
P. It is therefore preferable that the tension applied
to the yarn Y by the tension applying device 20 (ten-
sion applying unit) is set to be low in the acceleration
period of the package P in which the upper yarn Y2
is more likely to be slack if the yarn breakage or the
like occurs. That is to say, the unit controller 33 may
be configured to control the tension applying device
20 so that the tension applied to the yarn Y during
the acceleration period is lower than the tension ap-
plied to the yarn Y during the normal winding period
after the acceleration period. With this, if the yarn
breakage or the like occurs during the acceleration
period in which the rotation speed of the package P
is low, the tension of the yarn Y immediately before
the breakage is low, which makes the yarn end por-
tion Ya to be less likely to leap, and therefore the
upper yarn Y2 is less likely to be loosely wound on
the package P.

4] As shown in FIG. 10, the acceleration rotation of
the package P may be performed when the yarn
breakage or the like occurs during the normal wind-
ing period in which the package P is rotated at the
predetermined speed VA, in addition to the case
where the yarn breakage or the like occurs during
the acceleration period in which the rotation speed
of the package P increases. In this modification, ir-
respective of the acceleration of the package P, the
acceleration rotation of the package P is always per-
formed after the yarn breakage or the like occurs.
This reliably prevents the upper yarn Y2 from being
loosely wound on the package P.

5] In the above-described embodiment, the yarn Y
to be wound on the package P is traversed by the
traversing drum 18 having the spiral traversing
groove 18a formed thereon. However, another type
of traversing device may be used, such as arm type,
belt type, and rotary type traversing devices.
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Instead of using the drum type traversing device, a
contact roller which does not have a spiral traversing
groove may be provided so as to contact the package
P.Inthis arrangement, the package P may be rotated
by driving and rotating the above contact roller, in
the same way as the traversing drum 18 of the above-
described embodiment. Alternatively, package P
may be rotated directly by a package drive motor
provided, for example, to the cradle 14. In this ar-
rangement, the contact roller is a driven roller which
is rotated with the rotation of the package P.

6] The above-described embodiment deals with the
case in which the present invention is applied to the
automatic winder by way of example. The present
invention is applicable not only to the above-de-
scribed automatic winder, but also to other yarn
winding apparatuses such as a winding machine and
a spinning machine, including an air spinning ma-
chine and an open-end spinning machine, for exam-
ple.

Reference Signs List

[0102]

1: automatic winder

2: winding unit

4: base controller

5: operation setting unit

11:  yarn supplying portion

13:  winding portion

19:  yarn feeler

20: tension applying device

21:  yarn joining device

22:  yarn clearer

23:  lower yarn catch guide member
24:  upper yarn catch guide member
28:  drum drive motor

31:  suction mouth

33:  unit controller

P: package

Y: yarn

Y2: upperyarn

Ya: yarn end portion

Claims

1.  Avyarn winding apparatus comprising:

a winding portion configured to wind a running
yarn to form a package;

a yarn running signal output unit configured to
output a signal related to running of the yarn; and
a controller configured to control the winding
portion, wherein:

winding ofthe package is stopped when out-
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put of a signal indicating presence of the
running yarn from the yarn running signal
output unit is stopped during formation of
the package, or when a signal indicating ab-
sence of the running yarn is output from the
yarn running signal output unit during the
formation of the package; and

when the output of the signal indicating the
presence of the running yarn is stopped or
when the signal indicating the absence of
the running yarn is output, the controller is
capable of performing acceleration contin-
uation control of controlling the winding por-
tion to keep rotating the package for a pre-
determined continuous rotation period
while increasing the rotation speed of the
package, and then stopping the winding of
the package.

The yarn winding apparatus according to claim 1,
wherein when the output of the signal indicating the
presence of the running yarn from the yarn running
signal output unit is stopped during an acceleration
period in which the rotation speed of the package
increases, or when the signal indicating the absence
of the running yarn is output from the yarn running
signal output unit during the acceleration period, the
controller performs the acceleration continuation
control.

The yarn winding apparatus according to claim 2,
wherein when the output of the signal indicating the
presence of the running yarn from the yarn running
signal output unit is stopped during a low-speed pe-
riod in the acceleration period, or when the signal
indicating the absence of the running yarn is output
from the yarn running signal output unit during the
low-speed period in the acceleration period, the con-
troller performs the acceleration continuation con-
trol.

The yarn winding apparatus according to claim 2 or
3, further comprising a tension applying unit config-
ured to apply tension to the running yarn, wherein
the controller controls the tension applying unit so
that the tension applied to the yarn during the accel-
eration period is lower than the tension applied to
the yarn after the acceleration period passes.

The yarn winding apparatus according to any one of
claims 1 to 4, further comprising a first setting unit
through which the continuous rotation period in the
acceleration continuation control is settable.

The yarn winding apparatus according to claim 5,
wherein the continuous rotation period is settable
through the first setting unit using at least one of pa-
rameters: time, the rotation speed of the package,
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12.
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25
and yarn running speed.

The yarn winding apparatus according to claim 6,
wherein the time length of the continuous rotation
period is set, through the first setting unit, to be not
less than 0.5 seconds and less than 10 seconds.

The yarn winding apparatus according to any one
of claims 5 to 7, wherein the continuous rotation pe-
riod is settable, through the first setting unit, in ac-
cordance with the winding diameter of the package.

The yarn winding apparatus according to claim 3,
further comprising a second setting unit through
which the low-speed period is settable.

The yarn winding apparatus according to claim 9,
wherein the low-speed period is settable through the
second setting unit using atleast one of parameters:
time, the rotation speed of the package, and yarn
running speed.

The yarn winding apparatus according to any one of
claims 1 to 10, further comprising a first yarn end
catcher configured to suck and catch a yarn end por-
tion on a winding portion side from the package when
the output of the signal indicating the presence of
the running yarn from the yarn running signal output
unit is stopped or when the signal indicating the ab-
sence of the running yarn is output from the yarn
running signal output unit, wherein

the controller controls the first yarn end catcher to
start operation of catching the yarn end portion dur-
ing the continuous rotation period in the acceleration
continuation control.

The yarn winding apparatus according to any one of
claims 1 to 10, further comprising a first yarn end
catcher configured to suck and catch a yarn end por-
tion on a winding portion side from the package when
the output of the signal indicating the presence of
the running yarn from the yarn running signal output
unit is stopped or when the signal indicating the ab-
sence of the running yarn is output from the yarn
running signal output unit, wherein

the controller controls the first yarn end catcher to
start operation of catching the yarn end portion after
the continuous rotation period in the acceleration
continuation control elapses.

The yarn winding apparatus according to claim 11
or 12, further comprising:

a yarn supplying portion configured to supply
yarns;

a second yarn end catcher configured to catch
a yarn end portion on a yarn supplying portion
side when the output of the signal indicating the
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presence of the running yarn from the yarn run-
ning signal output unit is stopped or when the
signalindicating the absence of the running yarn
is output from the yarn running signal output unit;
and

ayarn joining portion provided between the yarn
supplying portion and the winding portion, the
yarn joining portion being configured to join the
yarn end portion on the winding portion side with
the yarn end portion on the yarn supplying por-
tion side,

wherein

the first yarn end catcher guides the caught yarn end
portion on the winding portion side to the yarn joining
portion, and the second yarn end catcher guides the
caughtyarn end portion on the yarn supplying portion
side to the yarn joining portion.

A textile machine comprising:

a plurality of yarn winding apparatuses each re-
cited in any one of claims 5 to 8; and

a central controller configured to control the plu-
rality of yarn winding apparatuses,

wherein

the first setting unit, through which the continuous
rotation period in the acceleration continuation con-
trol for each of the yarn winding apparatuses is set,
is provided to the central controller.

A method for forming a package by winding, in a
winding portion, a yarn supplied from a yarn supply-
ing portion, the method comprising the step of, when
a state of absence of the yarn running from the yarn
supplying portion to the winding portion is estab-
lished during formation of the package, keeping ro-
tation of the package for a predetermined continuous
rotation period while increasing the rotation speed
of the package, and then stopping winding of the
package.

The method according to claim 15, wherein when
the state of the absence of the running yarn from the
yarn supplying portion to the winding portion is es-
tablished during an acceleration period in which the
rotation speed of the package increases, the rotation
of the package is kept for the predetermined contin-
uous rotation period while the rotation speed of the
package is increased.

The method according to claim 15 or 16, wherein the
continuous rotation period is set using at least one
of parameters: time, the rotation speed of the pack-
age, and yarn running speed.
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FIG.4

START

S

1S PACKAGE NO

SPEED INCREASING?

39 YES

LOW-SPEED PERIOD? NO

S3
g

KEEP FORWARD ROTATION OF PACKAGE
+ ACCELERATION ROTATION

END

18

STOP PACKAGE _—S4
START CATCHING OPERATION LS5
REVERSE ROTATION OF PACKAGE L-—S6

YARN JOINING OPERATION ST



EP 3 127 844 A1

FIG.S

UNWINDING DIRECTION
R (REVERSE DIRECTION)

31

P WINDING DIRECTION
(FORWARD DIRECTION)

19



FIG.6

EP 3 127 844 A1

(a) NORMAL WINDING PROCESS

ROTATION SPEED /A

OF PACKAGE
VA

ACCELERATION PERIOD

)
I
i
|
I
{
|
|
I
!

TIME

TA

(b) YARN BREAKAGE OGCURS DURING NORMAL WINDING PERIOD

ROTATION SPEED
OF PACKAGE
VA

AGCELERATION PERIOD

_Pc

|
|
|
I
|
1
I
1
|
|

|
!
|
I
I
|
|
|
l

TIME

TA T1

(c) YARN BREAKAGE OCCURS DURING ACCELERATION PERIOD

ROTATION SPEED
OF PACKAGE

VA

VB

(HIGH-SPEED PERIOD)
ACCELERATION PERIOD
(LOW-SPEED PERIOD); (HIGH-SPEED PERIOD),
I !

b e — e e —

TIME

(d) YARN BREAKAGE OCCURS DURING ACCELERATION PERIOD

ROTATION SPEED
OF PACKAGE
VA

VG
VB

\ ACCELERATION PERIOD (LOW-SPEED PERIOD)

(LOW-SPEED PERIOD) | (HIGH-SPEED PERIOD)

T ~1

TIME

T3 TB T4
(=T3+Ta)

20



EP 3 127 844 A1

FIG.7
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